Abstract Bowel stoma formation is very often required during open abdomen (OA) management; we aim to report our stoma reversal series following OA management retrospectively. A retrospective analysis of 31 patients who underwent the reversal of the stoma created during OA management between January 2008 and September 2014 was performed. Twenty-eight of these 31 patients were included in this study. The stoma-related complications are more common after OA management during waiting time interval for reversal. At this time interval, patients with jejunostomy had more stomarelated complications than patients with ileostomy (p = 0.008) and colostomy. (p=0.001). Waiting time interval was shorter for reversal of jejunostomy than reversal of ileostomy (p=0.014) and colostomy (p=0.001). Operation time for jejunostomy (p=0.016) and colostomy reversal (p=0.001) were significantly longer than the ileostomy reversal. There was no difference between early and late reversal of stoma regarding morbidity and mortality. The stoma-related complications are more common following OA management during waiting time interval for stoma reversal. The reversal time is more critical for this kind of patients especially with lifethreatening complicated jejunostomy. For loop stoma created during OA management, the reversal may be performed after average 50 days without increasing morbidity and mortality. The reversal of end stoma created during OA management has high morbidity. If it is possible, loop stoma should be preferred during OA management.
Introduction
The creation of a stoma is a common procedure performed as a part of the treatment for lots of bowel surgeries. There is not only one type of stoma. The most common stoma classification can be done according to bowel part where they are created (jejunostomy, ileostomy, colostomy). They are also classified as end or loop ostomy. Stoma can be permanent or temporary and elective or part of emergent operations. Sometimes, it is performed as a part of challenging operations as well [1, 2] . More recent studies have shown stoma-related complication rates remain widely distributed, ranging from 10 to 82 % [2] [3] [4] . Complications associated with stomas can be minor, requiring only local care or can be devastating, leading to multiple reoperations and significant morbidity as well as mortality [2] . Complication rate of stoma increases, when reversal time of stoma is delayed. Reversal of the temporary stoma is the optimum solution of stoma-related complications and resulted in improvement in quality of life [5] . For temporary stoma, the reversal time is so important [1] . In old reports, reversal time more than 8 weeks was accepted for temporary ileostomy created during low anterior resection for rectum carcinoma. However, during this time, stoma-related complications occur in a quarter of patients, with adverse effects on quality of life [6, 7] In the last four decades, it has been the subject of debate. It has been showed that early reversal within 1 month and even within 10 days can be done without increasing morbidity and mortality [8, 9] .
OA management is a life-saving and challenging strategy in situations such as the abdominal compartment syndrome (ACS), damage-control surgery in severe generalized peritonitis [10, 11] . During OA management, sometimes, stomas have to be created to overcome entheroatmospheric fistula (EAF), intra-abdominal sepsis, and distal bowel obstruction. These stomas which may be opened at anywhere of the bowel (from more proximal jejunum to sigmoid colon) are usually temporary. Since survival of OA patients are dramatically increased because of technological developments and improvements in OA management strategies, new questions arise after delayed closure of OA patients. The most important one of them is when the stoma created during OA management period should be reversed without any increase in morbidity and mortality in this very complicated group of patients.
According to our knowledge, there is no any comprehensive data about reversal of stoma created during OA management in literature; we therefore aim to report our stoma reversal series following OA management retrospectively.
Materials and Methods
A retrospective analysis of 31 patients who underwent the reversal of stoma created during OA management between January 2008 and September 2014 was done. Three of them were excluded from the study, two of them did not come to control, and the other one had insufficient data. Twenty-eight cases were included into the study. All data from the patients were retrieved from medical records and included in a database. Last control of all patients was done in December 2014. Written informed consent was obtained from all patients.
Analyzed variables were as follows: patients' demographics, the American Society of Anesthesiologists (ASA) classification for operative risk score, body mass index (BMI), type of stoma (jejunostomy, ileostomy, colostomy, with end or loop), waiting time interval for reversal (time interval between the end of the delayed abdominal closure and stoma reversal), stoma-related complications during this time interval, surgical technique employed, length of hospital stay, surgical complications after reversal, and mortality rate.
Surgical Technique
A contrast radiograph via stoma or endoscopic intervention was performed to all patients before stoma reversal, to assess the integrity of the distal bowel. Irrigation of the distal bowel was usually performed with 500-1000 cm 3 saline 1 or 2 days before reversal. All reversal surgeries were performed under general anesthesia with antibiotic prophylaxis (ceftriaxone) prior to surgery by the same surgeon. Some stomas especially proximal jejunostomies have to be reversed earlier due to stoma-related complications such as severe liquid and electrolyte imbalance, stoma prolapsus, and necrosis of stoma.
Loop stoma reversal Regarding reversal, a peristomal oval skin incision was performed around the stoma. End-to-end or side-to-side isoperistaltic anastomosis with resection by a hand-sewn or stapled anastomoses was performed. Doublebarrel ostomy was also accepted as loop ostomy.
End stoma reversal Midline incision was used. The distal and proximal end of the bowel was visualized with gentle dissection. A peristomal oval skin incision was performed around the stoma to release the proximal end. Anastomoses were performed like loop stoma. Closure of the abdominal fascial wall was performed with absorbable sutures (PDS), and the skin was closed with interrupted sutures.
If there was giant hernia with loop stoma, first of all, stoma reversal was performed, and hernia repair with mesh was planned 2-3 months later. If there was a small hernia which could be repaired without a mesh, it was repaired during stoma reversal.
Outcomes
All stoma reversal patients came to last control at December 2014. The primary end points were morbidity and mortality rates related with reversal of stoma type. The secondary endpoints were operation time, length of hospital stay, and stomarelated complications during waiting time interval for reversal.
Results
Average follow-up period was 17.3±11.2 months. Twentyeight (90.3 %) of 31 stoma reversal patients were included into the study. The demographic values, BMI, and patient distributions according to ASA are seen in Table 1 . Fifty percent of patients have malignancy.
Waiting Time Interval for Reversal
Waiting time interval for reversal was seen in Table 2 . Waiting time interval was shorter for reversal of jejunostomy than Operation Time Operation time for jejunostomy (p=0.016) and colostomy reversal (p=0.001) were significantly longer than the ileostomy reversal ( Table 2) .
Stoma-Related Complications During Waiting Time Interval During this time interval, patients with jejunostomy had more stoma-related complications than patients with ileostomy (p=0.008) and colostomy (p=0.001). Dehydration, stoma herniation, and prolapsus were the most common complications (Table 3) .
Complications of Stoma Reversal Fifteen (53.5 %) of the 28 patients developed complications. The most common was surgical wound infection, which occurred in eight patients (28.6 %), and the second one was intestinal obstruction in five patients (17.5 %), resolved in all cases with conservative treatment; one intra-abdominal abscess was resolved by radiological intervention; and one anastomotic leak (3.5 %) occurred after colostomy reversal and this patient underwent reoperation. The entire abdomen was irrigated and a new ileostomy was created. There was no hospital and 30-day mortality after reversal ( Table 4) . The distribution and percentage of complications according to the Clavien-Dindo classification are shown in Table 5 . It was seen that 86.8 % (13/15) of complications were grade I. There was no statistical difference in complication rate after reversal between the patients with jejunostomy, ileostomy, and colostomy reversal (Table 4 ).
There were 6 end colostomies and 22 loop ostomies. After reversal of the 6 end colostomies, complication developed in 83 % (5/6) of patients: four of them minor complication and one of them was anastomosis leakage. After loop stoma reversal, minor complications developed in 45 % (10/22) of patients. Patients with end stoma have significantly more reversal complications than patients with loop stoma (p=0.001).
Mean Length of Hospital Stay
The mean length of hospital stay was 7.0±4.1 days (3-25). There was no relation between length of hospital stay and stoma type ( Table 2) .
Statistical Analysis
In this study, standard deviation, median, and minimum and maximum values were used to summarize the numeric variables of patients. The statistically significant variables of the two groups were compared with Mann-Whitney U test after Bonferroni correction.
Discussion
In this retrospective case series study, the stoma related complications, morbidity, mortality and the waiting time interval of the reversal of the stoma created during OA management were analyzed in detail according to stoma type.
There are some important differences between stomas created following OA management and the others. One of them is that many interventions to the abdomen have to be performed during OA management to overcome peritonitis or to achieve source control. Because of that, intra-abdominal adhesions may be more common after OA management and stoma reversal may be more difficult. The second one is that stomarelated complications are more likely to be encountered in OA patients because of the fact that stoma formation have to be performed in a more challenging situation during OA management. Both subjects make reversal time of stoma following OA management much more critical. If reversal is delayed, the patients would have more stoma-related complications; on the other hand, if reversal is performed early, complication after reversal might increase due to intra-abdominal adhesions.
There are many predisposing risk factors for the development of stoma-related complications based on three main categories: patient, operation, and disease-specific issues. Commonly reported patient-specific parameters include age, gender, BMI, nutritional status, ASA score, and corticosteroid use. The stoma creations in emergency increase the complication rate and the type of stoma may also affect the result. Malignancy, obesity, and comorbid disease also increase the complication rate [1] . Our patients have most of these risk factors; they were elderly, 50 % of them had malignancy, and the creation of the stoma in OA patients was performed in edematous, fragile bowel with short mesentery under emergent conditions. Because of that, stoma was maturated very hardly. Necrosis, mucocutaneous separation, and retraction may occur more than the elective stoma due to high tension between the bowel mucosa and skin. There were more stoma herniation and prolapsus compared to literature in our series because opening the fascia and skin was opened larger, so that edematous bowel could be inserted through it . Thus, after resolution of edema, prolapsus and herniation developed more likely. During OA management period, if stoma is required, colostomy or distal ileostomy is preferred, but in some conditions, jejunostomy, even proximal jejunostomy, has to be created. In our series, jejunostomy had to be created in seven of them. These seven patients with jejunostomies had more stoma-related complications due to the creation condition of jejunostomy was worse than others.
In patients with intestinal ostomy especially with proximal jejunostomy, dehydration, electrolyte abnormalities, and need of TPN are more common. As waiting time interval for reversal of proximal jejunostomy prolongs, a life-threatening organ failure might develop [1] . Usually to overcome this challenging problem, early stoma reversal may be the only option, although early closure may be more dangerous in such patients. In our cases, the reversal of jejunostomies had to be performed earlier than ileostomy and colostomy (Table 2) to avoid stoma-related complications. There was no difference in morbidity and mortality between the early and the late reversal patients. Operation time was longer due to dissection and exploration took more time in the early reversal patients.
One of the controversies in literature is the uncertainty about optimum time interval between the creation of the stoma and the reversal time of it. Recently, there is an incline towards early closure [12] . Alves et al. reported an early closure on postoperative 8 days during same hospital admission with a view to improving the patients' quality of life and preventing possible stoma-related complications with good results [8] . Mengaux et al. also reported similar results with early ileostomy reversal within 10 days [9] . However, some favors a late reversal later than 8.5 weeks after surgery; they encounter a higher morbidity rate in early reversal before 8.5 weeks, due to edema of the ileostomy and still-firm intra-abdominal adhesions [13] . In this study, for the waiting time interval, starting point was taken as a delayed abdominal closure time instead of stoma formation. Because after stoma formation, several intra-abdominal entries have to be performed and intra-abdominal adhesions will change.
It was reported that the waiting time interval between the creation and the reversal of Hartmann's procedure was between 50 and 330 days [14] . Mean operative time of the reversal of Hartman procedure reported in literature is 167 min [15] . The Grade II 0
Grade III 1 (3.5 %) Grade IV 1 (3.5 %)
Grade V 0 morbidity with Hartmann's reversal is reported at 4-43 % [16] , and the mortality rate ranges from 4 to 10 % [17] . In our series, waiting time interval for the reversal of the six end stoma, mean operative time, and morbidity were average 156 days, 135 min, and 83 %, respectively, and without mortality. During this pre-closure waiting period, an imaging test or endoscopic evaluation was performed to check the integrity of the distal bowel. We do not recommend any stoma reversal without checking distal bowel integrity, although some authors report that it is not strictly necessary in all cases [18] .
Although there are lots of data about stoma reversal after colorectal surgery, there is no any data about stoma reversal following OA management. According to our knowledge, this is the first report about the stoma created during OA management in respect of stoma-related complications, the reversal time and complications after reversal of it.
One limitation of our study is that it is not a prospective randomized study; the study group includes patients with many different kinds of stoma created at different parts of the bowel with different surgical techniques in distinct challenging clinical situations. However, because of the scarcity of patients with stomas created following OA management, we think that our findings may be pivotal in the subject.
Conclusion
The stoma-related complications are more common following OA management during waiting time interval for stoma reversal. The reversal time is more critical for this kind of patients especially with life-threatening complicated jejunostomy. For loop stoma created during OA management, the reversal may be performed after average 50 days without increasing morbidity and mortality. There is no need to wait more than 8 weeks even if it is following OA management. The reversal of end stoma created during OA management was performed with high morbidity. If it is possible, loop stoma should be preferred during OA management.
